Introduction
COPD is a complex and heterogeneous disorder where the lung involvement is often associated with aging, comorbidities, and systemic manifestations. 1, 2 The latter includes the involvement of the musculoskeletal system and, more specifically, muscle dysfunction and bone disorders. However, relatively little attention has been paid to the latter despite its high prevalence. In fact, it is estimated that between 20% and 35% of patients with COPD have associated osteoporosis, 3, 4 and similar percentages have vertebral fractures. [4] [5] [6] [7] [8] [9] [10] Steroid therapy, smoking, sedentary lifestyle, vitamin D deficiency, and systemic inflammation have been suggested as the main factors causing such bone disorders. 3, 7, 11 As for the consequences of vertebral fractures, the most important are the subsequent pain and decreased mobility and deformity of the rib cage. Both can contribute to the development of ventilatory restriction.
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Pascual-guardia et al Moreover, COPD exacerbations (ECOPD) are acute episodes that appear during the course of the disease and adversely modify its evolution. 1, 2 As a result, different guidelines related to the management of COPD have included the presence of frequent exacerbations among the elements to properly classify and treat this disorder. 1, 2 Moderate and severe ECOPD also constitute a major health problem because they usually involve hospital admissions, with significant consumption of resources.
14 The relationship between vertebral fractures and exacerbations is not well known, but it seems logical to assume that mechanical limitations secondary to the former would lead to a worse ventilatory response during the latter. Conversely, frequent exacerbations appear to be associated with a loss of bone mineral density, probably due to the concomitant presence of some of the abovementioned factors. 15 The level of underdiagnosis of osteoporosis, and vertebral fractures in particular, is very high. 16 Up to 30% of patients admitted for ECOPD had vertebral compression fractures (VCF) in some of the previous studies, although such a diagnosis remains unnoticed in around 80% of the cases. 4, 17 Other studies have shown that of ECOPD patients who are diagnosed with VCF, only half of them receive a specific treatment and/or special considerations regarding their respiratory disease. 5 All of this is probably the consequence of the relative lack of data on the specific implications that the VCF presence has on clinical outcomes of ECOPD. In two recent retrospective studies, Kim et al 17 and Glaser and El-Haddad 18 observed that COPD patients with VCF showed higher mortality and increased risk of readmission, respectively, than those without. In a similar line of argument, we hypothesized that VCF will have an important impact not only on mortality but also on other relevant outcomes related to both the prognosis of the disease and the quality of the health care. Accordingly, the present study was designed to investigate potential associations between this bone abnormality and the most relevant clinical outcomes of patients admitted to the hospital for ECOPD.
Methods
Design, population and variables
The study was divided into two phases. The first one was retrospective, assessing data from all patients admitted to our hospital for ECOPD during one year. The analysis included sociodemographic, clinical, nutritional, respiratory function, radiological, and treatment data, including cumulative dose of corticosteroids during the two previous years. In addition, the most prominent clinical outcomes were analyzed: admissions (normalized by survival, ie, admissions per days of survival), as well as length of hospital stays, mortality, and risk of death in the year of recruitment plus the two following years. The second phase was prospective (validation), collecting the same data in an additional year. Exclusion criteria were diagnosis of pneumonia or the concomitant presence of other relevant diseases with potential respiratory impact (lung cancer, left heart failure, neuromuscular disorder, etc.). The study was designed according to local and European legislation, with particular emphasis on regulations regarding data privacy (Spanish Organic Law 15/1999 on Protection of Personal Data [LOPD]) and was approved by the Ethics Committee at our institution (Comité Étic d'Investigació Clínica, CEIC). Written informed consent was obtained from all individuals or their closest relatives (if patients not alive in the retrospective cohort).
radiological analysis
The chest X-ray obtained during hospitalization by the care team were reanalyzed in the lateral projection by three independent observers with extensive experience in chest radiology. The initial diagnosis of VCF was established in the presence of at least a 20% reduction in the height of the vertebral body in its anterior, middle, or posterior cephalocaudal lines (Figure 1 ). Definitive diagnosis involved the coincidence of at least two of the three observers.
Cumulative doses of corticosteroids
To calculate the cumulative steroid doses received by patients during the two years preceding hospital admission 
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Vertebral fractures and COPD outcomes institutional records (Catalan Health System, CatSalut) of drug deliveries were analyzed. Such calculations included outpatient (visits to the emergency room, specialists or family doctors) and hospital prescriptions as well as drug withdrawals from the pharmacy offices, and both intravenous (methyl-prednisolone and hydrocortisone) and/or oral (prednisone) administrations. Methyl-prednisolone and hydrocortisone were converted to prednisone doses using the following formula: cumulative dose of corticosteroids = (mg of methyl-prednisolone* 0.8) + (mg hydrocortisone/4) + (mg prednisone). 19 
statistical analysis
The normal distribution of different variables was tested using the Kolmogorov-Smirnov test. While those with normal distribution are expressed as mean ± standard deviation, those with nonnormal distribution are expressed as median (25%-75% percentiles). The κ index was used for the assessment of interobserver agreement in the diagnosis of VCF. The Student's t-test or the Mann-Whitney U test were used to compare groups with and without VCF, when appropriate. Calculation of odds ratio (OR) was used for the analysis of mortality, which was represented by Kaplan-Meier curves. Finally, logistic regression analyses were performed to evaluate the independence of those variables associated with mortality. All statistical analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA), and a P-value 0.05 was considered significant.
Results
A total of 248 patients were admitted for ECOPD during the retrospective exploratory phase. A third of them had at least one VCF, mainly located in the dorsal spine and more precisely in the anterior portion of the vertebral body. The agreement between the three observers for chest radiograph was excellent (κ index of 0.689, 0.763, and 0.723, P0.001 in all cases). Unfortunately, only 2.4% of ECOPD patients with VCF were diagnosed with this fracture and/or osteoporosis during the hospitalization. Sociodemographic, anthropometric, and functional characteristics of patients, with and without VCF, are summarized in Table 1 . No significant differences were observed between them, except for the body mass index (BMI) and the cumulative dose of steroids that were lower and higher, respectively, in the former group. The treatment of ECOPD as well as radiological and analytical determinations were those commonly used following current COPD guidelines.
1,2 That is to say, patients were treated with bronchodilators, antibiotics, and a short run of systemic corticosteroids. Bone density and metabolism as well as vitamin D or parathyroid hormone (PTH) levels were not assessed by the clinical team taking care of the patients at that time.
Patients with VCF had a higher number of admissions per year and significantly longer hospital stay than the group without such a bone alteration (4 [2-8] vs 3 [1] [2] [3] [4] [5] [6] admissions, respectively, P0.01; and 12 vs 9 [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] days/yr, respectively, P0.05) (Figure 2A and B). The analysis of readmissions within 30 days following discharge could not be done due to their extremely low frequency. The overall mortality in the period analyzed was 38.2%, but VCF patients showed a higher mortality rate and an increased risk of dying in the following two years (50% vs 32.1%, P0.01, OR: 2.11 [1.2-3.6], P0.01) (Figure 3 ). Other variables also associated with mortality were age (P=0.001), BMI (P0.001), accumulated length of hospitalizations per year (P0.01), total number of admissions (P=0.01), the presence of multiresistant Pseudomonas in respiratory secretions (OR: 2.37 [1.31-4 .05], P0.01), and the cumulated dose of corticosteroids (P0.001). The subsequent logistic regression analysis showed that age (P0.05), BMI (P0.001), and the total dose of steroids (P0.05) were independent predictors of mortality after adjusting for the other factors, and VCF was at the limit of statistical significance. 
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Pascual-guardia et al As for the subsequent validation cohort consisting of 250 ECOPD patients, 32.8% had at least one VCF, although such a diagnosis and/or that of osteoporosis were only made in 10.7% of all of them. Again, no significant differences were found regarding sociodemographic, anthropometric, and functional characteristics between patients with and without VCF ( Table 2 ). In this case, the only exception was the cumulative dose of corticosteroids, which was significantly higher in patients with the spine fracture. The overall mortality was 31.5% in this cohort, also confirming that ECOPD patients (Figures 2A,  B and 3) . Age was another variable also associated with mortality (P0.001). The subsequent logistic regression analysis showed that both VCF and age were independent predictors of mortality (P0.05 and 0.01, respectively).
A post hoc logistic regression analysis including both cohorts in order to obtain greater statistical power and a more representative sample of the population confirmed that both VCF and age were independent predictors of mortality 
Discussion
The present study demonstrates a clear association between the presence of VCF and different clinical outcomes of quality care in ECOPD patients. Indeed, those subjects with VCF had more hospital admissions, longer hospital stays, and higher mortality than similar individuals without this bone fracture. Despite our striking findings, the rate of VCF underdiagnosis was very high and consequently, did not involve specific measures in the clinical management. This indicates a lack of awareness among health professionals about the presence of significant bone problems in COPD patients.
Certainly, the design of the study cannot allow us to demonstrate a cause-effect relationship between VCF and bad prognosis, but it does indicate that both elements are closely related. In fact, this association might have bidirectional components. On the one hand, the presence of VCF may induce pain and/or changes in thoracic architecture, resulting in ventilatory problems and limiting general physical activity, which in turn would facilitate a worse outcome. On the other hand, the presence of VCF may simply indicate that this is a patient with a history of repeated exacerbations, frequent steroid treatments, and low physical activity. In either case, it can be concluded that VCF acts as a biomarker of poor prognosis in hospitalized ECOPD patients. However, and surprisingly, in most of the previous studies, spinal fractures have not been considered as an important element associated with morbidity and mortality in ECOPD patients, at least as an individual factor differentiated from other comorbidities. 20, 21 In other words, only very few previous studies have specifically examined the impact of the presence of VCF in the prognosis of COPD patients. In one of them, Kim et al 17 analyzed a retrospective cohort of 254 COPD patients with a recent history of hospitalization showing that those with VCF had a higher mortality in a follow-up of two years. In contrast, they were unable to demonstrate an impact of VCF in other clinical or health care outcomes. Glaser and El-Haddad 18 in turn found that VCF was also associated with an increased risk of 30-day readmission in ECOPD patients. In the present study, we demonstrate the association between the presence of this fracture not only with mortality but also in the total number of admissions and length of the corresponding stays in the two following years using an exploratory cohort, validating our data in a new and prospective cohort.
The prevalence of VCF in the present series is in the upper limit of the range previously reported by other authors, [4] [5] [6] [7] [8] [9] [10] 17 which also showed a high level of underdiagnosis. 4, 22 This lack of diagnosis is somewhat surprising since it is well known that COPD patients have up to four times greater risk of osteoporosis than control subjects with similar characteristics. 4 Osteoporosis appears to be the main cause of VCF, which are also very frequent in COPD patients, 4 especially in those with advanced disease. 7 Vertebral wedge fracture is the most common form of VCF, but it can also appear as a central or generalized collapse of the vertebral body. Moreover, the subjects with one VCF have a five times greater chance of developing new spine fractures and up to three times higher probability of having a fracture in other parts of the body. 
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As previously mentioned, the consequences of VCF are essentially chest pain and deformation. The former results in a reduction of thoracic mobility and general physical activity, 12, 13, 24 leading to ventilatory problems among other consequences. Moreover, rib cage deformation itself can negatively impact respiratory function, since each VCF can decrease forced vital capacity by around 9% 12 and can also affect the mechanical properties of respiratory muscles. In fact, VCF are associated with an increased risk of death even in the general population. 25 Despite all of this, they are asymptomatic in two-thirds of the cases, which undoubtedly contributes to the high level of underdiagnosis. 22 A point that merits special attention is that since most VCF (80%-90%) occur in the dorsal (D7-D8) and the thoracolumbar (D12-L1) spinal regions, 26 they should be easily diagnosed in conventional chest radiography. This indicates that underdiagnosis may have elements of malpractice, especially in light of the results of the present study, since VCF emerges as a marker of many worse clinical outcomes. In the second part of the present study, we found, however, a relative improvement in the level of underdiagnosis, probably because bone abnormalities associated with different chronic conditions have received a little more attention recently in the medical literature.
The causes of osteoporosis and VCF in COPD patients are numerous, although as in our case the use of systemic steroids appears to play an important role. 7, 27 Moreover, some series pointed out that up to 60% of COPD patients with prolonged treatment on oral steroids have VCF. 7 The total cumulative dose of these drugs is also important. It has been proven that a total dose of more than 1,000 mg of oral prednisone, even if given intermittently (as is the case in many frequent exacerbators), also increases the risk of osteoporosis and VCF. 28 Regarding inhaled steroids there is no absolute consensus, 7, 29, 30 but it does seem that standard doses used in COPD patients cause no significant adverse effects on their bones. 28, 30 In the present study, the cumulative dose of corticosteroids during the preceding years was significantly higher in ECOPD patients with VCF compared with their controls and widely exceeded the aforementioned limit, suggesting a major role for this factor.
However, VCF is also present in a large number of patients who have not received high doses of steroids. 7 Moreover, bone abnormalities are also present in a significant number of COPD patients who have never even received inhaled steroids. 31 Therefore, other factors could be implicated. Some of them are the same that have been involved in other systemic manifestations of the disease. This is the case of smoking, which exerts a direct negative effect on bone mass and increases the risk of VCF. 32, 33 If alcohol abuse associates with smoking, the risk increases even more. 32 The reduction in physical activity is an additional factor that can be implicated in VCF in COPD patients. Low physical activity induces inhibition of trophic signals to bone, resulting in bone mass loss and increased risk of fractures. 34 Systemic inflammation is another factor that could be involved in the pathophysiology of fractures in COPD patients. 31 Nutritional disturbances, which are frequently observed in COPD patients, lead to the loss of muscle mass and have also been associated with osteoporosis and fractures. The mechanism for this appears to be an increase in protein destruction, and mostly of collagen. 35 Interestingly, low bone density and the risk of fractures are also associated with the extent of emphysema, 36 and it is worth noting that patients with an emphysematous phenotype characteristically show low muscle mass, which is mainly due to an increase in protein breakdown. 37 Certainly, many of the previously mentioned deleterious factors involved in the loss of bone mass would be even more pronounced during ECOPD. Therefore, it is not surprising that exacerbations also impact negatively on body weight, muscle mass, and bone mass in COPD patients. 38 Hormonal factors may also be involved in their bone loss. Hypogonadism, which seems to be common in men with the disease, has also been involved in their bone disorders. 39 In women after menopause, in turn, hormonal deficiency also leads to a significant loss of bone mass, acting synergistically with the lung disease. 40 Furthermore, growth hormone dysfunction, which also seems to be relatively frequent in COPD, can lead to loss of bone mineralization. 41 Vitamin D deficiency, also common in these patients and proportional to the severity of the lung disease, appears to play an important role in the occurrence of bone changes. [42] [43] [44] Its deficit has been attributed to both nutritional abnormalities and low exposure to ultraviolet rays (ie, reduction in outdoor activities). Finally, it is worth noting that there is a frequent association of COPD with aging and many different chronic comorbidities, which are also potential contributors to bone abnormalities. Interestingly, recent studies of some members of our group using text mining suggest that bone abnormalities share molecular mechanisms with other COPD comorbidities such as cardiovascular disorders. 45 This has also been proved experimentally. 46 Whatever the causes of bone loss, it is clear that it is very intense in COPD patients 43 and is a direct result of an imbalance between formation and destruction of bone. 43, 46 International Journal of COPD 2017:12 submit your manuscript | www.dovepress.com
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The management of COPD patients with suspected bone disorders should include routine screening with conventional radiology, as well as periodic determination of markers of bone metabolism (calcium, phosphorus, vitamin D, and eventually, PTH) and the assessment of bone density and risk of fractures. 31 Patients should avoid tobacco and alcohol and ensure a balanced nutrition and an appropriate physical activity level, preferably outdoors. Moreover, the use of systemic steroids should be optimized, avoiding inappropriate high doses or long regimes. 47 As to the pharmacological prevention of VCF (ie, drug therapy of osteoporosis), it should be started early, especially in those patients who already have a fracture. 23 There are several alternatives but few have been specifically tested in COPD patients, so the consensus is to follow general guidelines. 31, 48 In cases with proven hypogonadism, hormone replacement therapy may be useful. Supplementation with calcium and vitamin D may also be desirable in subjects exposed to prolonged steroid therapy, but these should be combined with other drugs. 31 Finally, bisphosphonates appear to be effective in preventing fractures, especially if used early in high-risk subjects. 49 It is interesting to consider that surgical treatments such as kyphoplasty can improve lung function in COPD patients with VCF, 50, 51 although its impact on prognosis and quality care outcomes still remains unexplored.
As for the potential limitations of the present study, we should recognize that diagnosis using simple chest X-ray may have underestimated small fractures. However, the use of three independent expert observers has probably minimized this possibility. Moreover, the objectives of the study were to assess the impact of VCF on clinical outcomes and the level of underdiagnosis when using the usual clinical approach employed with ECOPD patients. For the same reason, the present study did not include a specific questionnaire on VCF symptoms, a study of bone metabolism, or the assessment of bone density. In addition, our series had a net predominance of male patients, which is still the scenario in our environment. This is not the case in other countries where COPD is more evenly distributed among both sexes. However, a higher presence of female postmenopausal patients would probably have resulted in an even greater frequency of bone disturbances. Finally, our study design did not enable us to define the incidence or prevalence of VCF but an approximation to its frequency in hospitalized COPD patients and the association with their clinical outcomes.
The design of the present study is one of its main strengths since results obtained in the exploratory retrospective cohort were prospectively validated in a second one.
Conclusion
VCF is common in ECOPD patients, being associated with more hospitalizations, larger hospital stays, and higher mortality. Unfortunately, these bone abnormalities often remain underdiagnosed, and therefore do not lead to a specific clinical management and treatment of the patients.
